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摘  要 
多功能智能玻璃概念是电致变色器件和能源贮存器件如超级电容器的合理
结合的发展产物，适应了多功能器件的发展需要，也指明了发展方向。我们致力
于电子器件中导电材料的开发，希望找到一种高度柔性、透明、导电、化学稳定
性好的导电膜，促进电致变色超级电容器器件的发展。 
本文的目的为制备一种新的柔性透明导电电极，并探索其在电致变色超级电
容器的应用情况。借助于光刻技术、化学气相沉积和低温溶剂热方法，我们以网
络状硫化铜为导电材料，制备了一种新型结构的网格电极，由于网格中间的空白
区域的存在，对于某些器件的应用不能视为连续的导电薄膜，因此我们设计在上
面再铺上一层石墨烯层，得到连续的 G-CuS/PET 透明导电薄膜电极。合理的合
成设计产生高效的性能。我们测试了该导电膜的光电性能、力学稳定性和化学稳
定性。室温下该电极具有~20 Ω sq−1 的低电阻，~88%的可见光高透光率，表现出
了优异的光电性能。机械柔性的测试中，经过 1000 次弯折，电阻由~20 Ω sq−1
仅增加到~30 Ω sq−1。电化学沉积聚苯胺、聚苯胺/G-CuS 电极的循环伏安测试和
恒电流充放电稳定性测试，该透明导电电极均表现了优良的电化学稳定性。我们
还考察了以此为透明导电电极基底的聚苯胺电极的电致变色性能、超级电容性能
和整合的多功能电致变色超级电容性能。聚苯胺/G-CuS/PET 活性电极的电致变
色着色效率为 24.91 cm2 C−1, 5 mV s−1 时电容值为 8.606 mF cm−2， 0.025 mA cm−2
时，电容值为 17.3 mF cm−2。另外，我们组装了器件，器件在充放电测试下表现
出很好的变色响应。我们实验结果证明了 G-CuS/PET 透明导电薄膜电极在电致
变色超级电容的应用可行性。 
 
关键词：透明导电电极；电致变色；超级电容器 
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Abstract 
The proposition of a concept of multifunctional smart glass, which can change its 
color and simultaneously store energy, meets the demand of multifunctional devices 
and points out the direction of electrochromic devices. We hope to find a new 
conducting electrode that are highly transparent, flexible, conductive, and chemically 
stable to promote the development of electrochromic supercapacitors. 
The purpose of this paper is to prepare a new flexible and transparent conductive 
electrode and to explore its application in electrochromic supercapacitors. By using 
photolithography, chemical vapor deposition and a low temperature solvothermal 
reaction methods, we chose CuS as the conductors to fabricate the conductive films 
with percolating periodic lines, in which the frameworks can conduct current and 
leave large empty spaces that render the film transparent. Due to the size of the spaces, 
they cannot be regarded as continuous electrodes for some applications. After 
applying a graphene layer above, we obtained continuously conductive graphene/CuS 
networks (G-CuS) electrodes. Rational designs render efficient performances. We 
measured their optoelectronic, mechanically and chemically stable performances. At 
room temperature, they achieve a sheet resistance (Rs) as low as 20.2 Ω/sq with the 
high transmittance of over 85%. In addition, they display a remarkable mechanical 
flexibility with a small increase of ~10 Ω/sq after 1000 bending cycles. Excellent 
chemical stabilities under electrodeposition of polyaniline (PANI) and cyclic tests of 
cyclic voltammetry and galvanostatic charge-discharge of PANI/G-CuS electrodes are 
achieved as well. In particular, when used as the transparent conductive electrodes of 
PANI, PANI/G-CuS electrodes showed excellent electrochromism (CE=24.91 cm2 
C−1), supercapacity (5 mV s−1, 8.606 mF cm−2; 0.025 mA cm−2, 17.3 mF cm−2) and 
integrated multifunctional electrochromo-supercapacity, which demonstrate the 
feasibility of G-CuS films as the transparent conductive electrodes in electrochromic 
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supercapacitors.  
 
Keywords: Transparent Conducting Electrode; Electrochromisim; Supercapacitors. 
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